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Abstract

The Woods Hole Oceanographic Institution (WHOI) Hawaii Ocean Timeseries (HOT)
Site (WHOTS), 100 km north of Oahu, Hawaii, is intended to provide long-term, high-quality
air-sea fluxes as a coordinated part of the HOT program and contribute to the goals of observing
heat, fresh water and chemical fluxes at a site representative of the oligotrophic North Pacific
Ocean. The approach is to maintain a surface mooring outfitted for meteorological and
oceanographic measurements at a site near 22.75°N, 158°W by successive mooring turnarounds.
These observations will be used to investigate air-sea interaction processes related to climate
variability.

The first WHOTS mooring (WHOTS-l) was deployed in August 2004. This report
documents recovery of the WHOTS-1 mooring and deployment of the second mooring
(WHOTS-2) at the same site. Both moorings used Surlyn foam buoys as the surface element and
were outfitted with two Air-Sea Interaction Meteorology (ASIMET) systems. Each system
measures, records, and transmits via Argos satellite the surface meteorological variables
necessary to compute air-sea fluxes of heat, moisture and momentum. In cooperation with R.
Lukas of the University of Hawaii, the upper 155 m of the moorings were outfitted with
oceanographic sensors for the measurement of temperature, conductivity and velocity.

The WHOTS mooring turnaround was done on the Scripps Institution of Oceanography
Ship MAelville, Cruise TUIM-10MV, by the Upper Ocean Processes Group of the Woods Hole
Oceanographic Institution. The cruise took place between 23 and 30 July 2005. Operations on
site were initiated with a 30-hour meteorological intercomparison period, followed by recovery
of the WHOTS-l mooring on 25 July. After offloading data and preparing some subsurface
instruments for re-deployment, the WHOTS-2 mooring was deployed on 28 July at
approximately 22°46'N, 157°54'W in 4695 m of water. A 31-hour intercomparison period
followed. This report describes these operations, as well as some of the pre-cruise buoy
preparations and CTD casts taken during the cruise.
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I. Introduction

The Hawaii Ocean Timeseries (HOT) site, 100 km north of Oahu, Hawaii, has been
occupied since 1988 as a part of the World Ocean Circulation Experiment (WOCE) and the Joint
Global Ocean Flux Study (JGOFS). WOCE investigators sought to document and understand
seasonal and interannual variability of water masses, relate water mass variations to gyre
fluctuations, and develop a climatology of high-frequency physical variability. JGOFS
investigators sought to use information about primary production, new production, and particle
export from the surface ocean as part of an interdisciplinary research program. The present HOT
program includes comprehensive, interdisciplinary upper ocean observations, but does not
include continuous surface forcing measurements. Thus, the primary intent of the WHOTS
mooring is to provide long-term, high-quality air-sea fluxes as a coordinated part of the HOTS
program and contribute to the goals of observing heat, fresh water and chemical fluxes at a site
representative of the oligotrophic North Pacific Ocean.

To accomplish these objectives, a surface mooring with sensors suitable for the
determination of air-sea fluxes and upper ocean properties is being maintained at a site near
22046'N, 157 054'W (Fig. 1) by means of annual "turnarounds" (recovery of one mooring and
deployment of a new mooring at the same site). The moorings use Surlyn foam buoys as the
surface element, outfitted with two complete Air-Sea Interaction Meteorology (ASIMET)
systems. Each system measures, records, and transmits via Argos satellite the surface
meteorological variables necessary to compute air-sea fluxes of heat, moisture and momentum.
In cooperation with the University of Hawaii (UH), the upper 155 m of the mooring line was
outfitted with oceanographic sensors for the measurement of temperature, conductivity and
velocity.
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Figure 1. Location of Hawaiian Ocean Timseries (HOT) stations relative to the Hawaiian Island
chain and local bathymetry. The WHOTS mooring is near the ALOHA site.



The mooring turnaround was done on the Scripps Institution of Oceanography (SIO) Ship
Melville, Cruise TUIM-0OMV, by the Upper Ocean Processes Group (UOP) of the Woods Hole
Oceanographic Institution (WHOI). The cruise was completed in 8 days, between 23 and 30 July
2005, and consisted of approximately I day of steaming, 6 days of operations near the WHOTS
site, and one offloading day. The cruise originated from, and returned to, Honolulu, HI (Fig. 2).
There were five principal operations during the cruise. First, a 30-hour meteorological
intercomparison was done with the Melville standing off the WHOTS-1 buoy, collecting
shipboard meteorological data and intercepting the Argos satellite transmissions from the buoy
with receivers aboard ship. Second, the WHOTS-1 mooring was recovered. Third, WHOTS-I
data were offloaded and some instruments were prepared for re-deployment. During this stage, a
CTD survey of an eddy located near the site was completed. Fourth, the WHOTS-2 mooring was
deployed at 22°45.997'N, 157°53.9054'W. Finally, a 31-hour data intercomparison period was
completed with Melville standing off from the WHOTS-2 buoy. A further series of six CTD
stations were occupied during the return trip to Honolulu.

23°N

WHOTS

40'

20'

22 0N

40'

20'

Oahu

210Ow 40' 20' 1580 W 40' 20' 157°W

Figure 2. WHOTS-2 outbound cruise track, departing from Honolulu, HI for the WHOTS
mooring site. Bathymetry is shown at 1, 2, 3, 4, and 5 km.

Equipment used during mooring operations included the WHO[ TSE winch, UH
continuous duty electric capstan, three pneumatic winches (air tuggers), an electric winding cart,
a tension cart, and an assortment of blocks, hooks, lines, and working hardware. The ship's
Allied and Pettibone cranes were also an essential part of the operations. Deck preparations on
the Melville included the removal of 20 feet of bulwark on the port side of the ship, just aft of the
rear equipment hangar and positioning of the winch, capstan, and air tuggers for use during
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instrument and buoy recovery. A Gifford block was hung from the A-frame to the port side of
the large trawl block. Cleats for stopper lines were inserted on the fantail under the A-frame.

A seaglider operated by C. Eriksen of the University of Washington
(http://www.apl.washington.edu/projecls/seaglider) was operating near the HOT site during the
WHOTS-2 cruise. This glider (SN SG020) was programmed to execute an "X" pattern with the
center between the WHOTS buoy and the Multi-disciplinary Ocean Sensors for Environmental
Analyses and Networks (MOSEAN) buoy (http://www.opl.ucsb.eduimosean) deployed by the
University of Santa Barbara Ocean Physics Lab (Fig. 3). Arrangements with Eriksen allowed
glider position information to be forwarded to an email account on the ship, so that progress
could be monitored during the cruise.
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J Most recent glider dive
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Figure 3. Two months of Seaglider SG020 tracks (green) along with the positions collected during
the WHOTS-2 cruise (red). The nominal locations (triangles) and watch circles of the WHOTS and

MOSEAN moorings are also shown.

This report consists of five main sections describing pre-cruise operations (Sec. 2),
recovery of the WHOTS-1 mooring (Sec. 3), deployment of the WHOTS-2 mooring (Sec. 4), the
meteorological intercomparison results (Sec. 5), and CTD surveys (Sec. 6). Four appendices
contain ancillary information.
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2. Pre-Cruise Operations

Pre-cruise operations were conducted on the grounds of the LUH Marine Center in
Honolulu, HI. A shipment consisting of two 40' containers and one 20' container left Woods
Hole for Honolulu on 14 June 2005. The two 40' containers held the buoy hull (broken down
into pieces), buoy well, tower mid-section, tower top with modules, spare modules, VMCMs,
acoustic releases and deck gear, instrument brackets and load bars, mooring hardware, deck
boxes, lab boxes, tension cart, winding cart, glass balls, and anchor. The 20' "rag-top" container
held the Tension Stringing Equipment (TSE) mooring winch and most of the mooring materials
(wire reels and wire baskets with nylon and polypropylene).

Four UOP representatives arrived in Honolulu between 13 and 14 July, and began
offloading the gear to a staging area near the dock on 15 July. One additional UOP person
arrived in Honolulu on 16 July. UH personnel also assisted with in-port preparations. The UOP
group was grateful for access to the Hawaii Undersea Research Laboratory (HURL) tent to house
gear not suitable for outside storage and for use as a staging for electronics. Pre-cruise operations
took place from 15-22 July prior to departure of the Melville on 23 July. In addition to loading
the ship, pre-cruise operations included: assembly of primary and spare anchor, assembly of
glass balls onto 4 m chain sections, painting of the buoy hull, hull-mounted instruments, and
VMCMs, assembly of the buoy tower top, insertion of the tower top assembly into the foam
buoy hull, a buoy spin, evaluation of ASIMET data, and preparation of the oceanographic
instruments.

Because continued pre-cruise work in Hawaii was anticipated, and space was available in
rented containers on the UH Marine Center site, not all recovered gear was shipped back to
WHOI. Items left at the Marine Center included the assembled buoy hull, a spare anchor,
approximately 80 glass balls, and spare wire, nylon, and polypropylene. As a result, the return
shipment was pared down to one 40' container and the 20' "rag-top" container.

a. Buoy Spins

A buoy spin begins by orienting the buoy tower section towards a distant point with a
known (i.e. determined with a surveyor's compass) magnetic heading. The buoy is then rotated,
using a fork-truck, through six positions in approximate 60-degree increments. At each position,
the vanes of both wind sensors are oriented parallel with the sight line (vane towards the sighting
point and propeller away) and held for several sample intervals. If the compass and vane are
working properly, they should co-vary such that their sum (the wind direction) is equal to the
sighting direction at each position (expected variability is plus or minus a few degrees).

The first buoy spins were done in the parking lot outside the WHOI Clark Laboratory
high bay, with care taken to ensure that cars were not parked within about 30 ft of the buoy. The
sighting angle to "the big tree" was about 309'. WND modules 205 and 348 were on the buoy
during the first spin, but WND 348 showed relatively poor performance (consistently 4-5 deg
from the sighting direction). The spin was repeated after adjustments to WND 348, but with
similar results. For the third spin, WND 348 was replaced with the spare module, WND 207.
The last compass, last vane, and direction (compass+vane) are reported below for the final
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WHOI spin. Table I gives the sensor readings during the spins and Figure 4 shows the direction
results graphically.

The second buoy spin was done in Honolulu, on an open area of pavement near the pier.
A hand-held compass was used to determine that the magnetic field in the area was constant
within a few degrees. A pole approximately 1/2 mile away at a bearing of 2450 was used as a
sighting point. The technique used was the same as for the WHOI buoy spins. The last compass,
last vane, and compass+vane are reported below. Table 2 gives the sensor readings during the
spin and Figure 5 shows the direction results graphically.

Table 1. WHOTS-2 WHOI buoy spin results

Module Last Last Compass
Position SN compass vane + vane

1 205 103.3 205.4 308.7
207 141.6 171.5 313.1

2 205 150.1 157.1 307.2
207 187.4 122.3 309.7

3 205 197.4 113.6 307.3
207 228.8 78.0 306.8

4 205 248.3 61.4 309.7

207 282.2 25.5 307.3
5 205 286.4 23.8 310.2

207 319.7 349.0 309.1
6 205 334.1 335.7 309.8

207 7.1 301.4 308.5
7 205 18.2 292.9 311.1

207 51.4 256.9 308.3
8 205 61.5 248.8 310.3

207 97.0 215.7 312.7
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Figure 4. WHOI buoy spin results.

Table 2. WIHOTS-2 Honolulu buoy spin results

Module Last Last Compass

Position SN compass vane + vane
1 205 223.7 21.9 245.6

207 257.5 347.2 244.7
2 205 267.8 337.7 245.5

207 302.2 304.1 246.3
3 205 317.1 290.9 247.0

207 350. 1 256.9 246.0

4 205 358.4 247.7 246.1
207 30.4 215.6 246.0

5 205 43.5 203.9 247.4
207 77.0 169.0 246.0

6 205 89.5 157.2 246.7
207 126.2 123.3 249.5

7 205 133.8 113.1 246.9

207 170.2 77.2 247.4
8 205 176.4 68.8 245.2

207 210.7 33.3 244.0
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Figure 5. Hawaii buoy spin results.

b. Sensor Evaluation

Once the buoy well and tower top were assembled, the ASIMET modules were initialized
and connected to the loggers. When mechanical assembly was complete, power was applied, the
loggers were started, and data acquisition began. Evaluation of the primary sensor suite was done
through a series of overnight tests. Both hourly Argos transmissions and 1 min logger data were
evaluated. Attempts to evaluate 1 min module data from flash cards were frustrated due to
problems with translating data from raw binary to Matlab.

Evaluation of Argos data on 17 July indicated that the ASIMET sensors were performing
as expected (differences between like sensors within accuracy tolerances) with the exception of
air temperature and longwave radiation. Air temperature differences of 0.2 to 0.3°C were noted
during the daytime. After further evaluation, this was attributed to a combination of low winds
and an unfavorable position for the buoy on the dock. Stronger winds and a different buoy
position on subsequent days resulted in typical air temperature differences of 0.2°C or less.

It was found that values from LWR 212 and 505 disagreed by about 8 W/m 2 . This was as
expected relative to the WHOI burnin results, where it was found that SN 505 was greater then
SN 212 by about 8 W/m 2 . Because the LWR calibrations appeared "unstable" during the burnin
(showing excellent agreement with each other and with the roof standard during the initial
calibration phase, but relatively poor agreement when mounted on the buoy) another LWR
sensor presumed to be stable (SN 221) was brought to Hawaii as a "transfer standard." Tests

7



using LWR 221 in comparison with 212, 505 and the spare unit (504) are shown in Fig. 6. LWR
212 and 505 are both high relative to the transfer standard. LWR 504, which showed excellent
agreement relative to the WHOI roof standard, has apparently suffered a calibration shift and
showed poor performance. Post-cruise testing confirmed that LWR 221 had a stable calibration.
Thus, the two primary sensors used on WHOTS-2 are both biased high, LWR 212 by about 5
W/m 2 and LWR 505 by about 10 W/m 2.

450 4SN 212

440- - SN 505
-SN 504

430- -- SN 221

420-

E 410-

j. 400-

S390

380

370-

360-
WHOTS-2 LWR Evaluation

350 1
199.5 200 200.5 201 201.5

yearday 2005

Figure 6. Evaluation of WHOTS-2 LWR module performance in Honolulu.

A series of "sensor function checks," including filling and draining the PRC modules,
covering and uncovering the solar modules, and dunking the STC modules in a salt-water bucket,
were done during the third day of in-port testing. The results of these checks, and a final in-port
evaluation of hourly Argos data, showed all modules to be functioning as expected.

3. WHOTS-I Mooring recovery

a. Recovery Operations

The recovery of the WHOTS-I buoy and mooring began at 0700 on 25 July. With the
ship positioned approximately 1/2 mile upwind of the anchor site, the acoustic release was
acquired, enabled, and the release command sent. A sequence of range interrogations confirmed
that the release had activated and subsurface floats were bringing the bottom of the mooring to
the surface. At approximately 8:00 am, the cluster of 80 glass balls were spotted off the port
quarter of the ship, and the ship began maneuvering into a position for recovery. Moderate winds
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and waves precluded the use of the small workboat for attachment into the mooring. Instead, the
ship maneuvered to bring the cluster of glass balls along the port side. After failed attempts to
hook the ball cluster with a grapnel, the floating polypropylene line leading from the balls was
hooked and recovery began with a bight of line.

The bight of polypropylene was wound onto the winch until the cluster of glass balls was
brought to the stern of the ship. A stopper line was attached to the chain between glass balls, and
the poly line was disconnected from the mooring and stopped off on the cleat. In the meantime,
personnel on the port quarter continued to pull slack poly line on board, and monitored the lead
of the poly to be sure the ship did not foul in it. The ships trawl winch, led through the trawl
block on the A-frame, was used to lift the cluster of glass balls onto the deck of the ship, with the
assistance of two air tuggers. Once the balls were secured, the acoustic releases were pulled
aboard using the trawl wire already hanging through a block. Recovery operations were stopped
until glass balls were disconnected in four-meter segments and removed from the working area
of the deck.

The recovery commenced by leading the slack poly line through a floating block and onto
the large electric capstan. The lead from the capstan was directed into an empty wire basket just
forward of the capstan. Recovery of 1500 meters of poly line and 2000 meters of nylon line
continued in this fashion with personnel taking turns tailing the capstan and leading the line into
wire baskets. While synthetic line was being recovered with the capstan, the recovered glass
balls were moved to the 20 foot open-top container using three people and the Pettibone crane.

As the last of the nylon line was coming to the surface, recovery was stopped to transition
from the capstan recovery to the recovery of wire and instruments using the TSE mooring winch.
A Yale grip was attached to the nylon line and stopper lines held the mooring by the Yale grip.
The nylon line was cut about 20 feet above the Yale grip. A bowline was tied into an end link on
the end of the winch leader, which had been led through the large trawl block on the A-frame.
Stopper lines were eased out as the load was transferred to the winch. Recovery continued with
1750 meters of wire spooled onto the winch.

While the wire was being spooled onto the winch, the deck was configured for the
recovery of the instruments and the buoy. The first instrument recovered was a MicroCAT at 155
meters. As the MicroCAT was pulled out of the water and about 2 feet above the deck, stopper
lines were attached to the link under the load bar. The lines were pulled tight and the winch
lowered the instrument to the deck of the ship. The MicroCAT was removed from the mooring
line and the two ends of wire were reconnected with shackles and links. The winch could
continue to haul in the mooring at this point. As each instrument came to the surface it was
recovered in much the same fashion. After several more instruments were recovered the lead
from the block to the buoy became too much of an angle to grab the instruments. The mooring
wire was then removed from the block and allowed to drag up the transom. Now, as instruments
approached the transom, they were eased up and onto the deck by using an air tugger lead
through the Gifford block on the A-frame. Ten instruments were recovered through the A-frame
using this procedure. As each instrument was removed from the working area, serial numbers
were verified. Photographs were taken to document the level of fouling on each instrument with
its depth noted.
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After the 10"t instrument was recovered, a slip line was run through the link on the
mooring attaching the final 55 meters to the buoy. The slip line was slowly released, setting the
buoy and 55 meters of instruments and hardware adrift. In calm seas, a small workboat is
typically deployed to assist with the hook-up of the drifting buoy to the lifting line. However,
weather conditions precluded this technique. The ship maneuvered around the buoy in
preparation for recovery on the port side. The Allied crane was brought out and positioned for
recovery. As the ship maneuvered alongside the buoy, bringing it slowly down the port side, the
recovery crew was standing by with hooks and lines to grab the buoy (Fig. 7). There is only one
lifting point that can be used for the proper recovery of the buoy. As one person attempted to get
the pickup hook and pennant attached to the lifting point on the buoy, another person hooked the
protective halo around the buoy tower top. This line helped to keep the buoy from spinning while
the hook was inserted into the lifting point.

Ar

Figure 7. Preparing for recovery of the WHOTS-1 buoy.

Once the lifting hook and pennant were securely attached to the buoy, and the buoy
hauled forward to the working area of the deck, the pennant was hooked into the crane. The
crane then swung outboard to keep the buoy away from the ship as it was lifted from the water.
Once the buoy was out of the water, the crane swung back in and allowed the foam hull to rest
against the side of the ship as additional handling lines were attached to the buoy. Once lines
were in place the crane lifted the buoy up and brought it onto the deck. The mooring line hanging
below the buoy was stopped off securely, and the buoy was lifted again and brought slowly
outboard to allow enough slack in the mooring chain to detach the buoy from the mooring. The
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buoy was then securely strapped to the deck. The crane was removed from its attachment to the
buoy and the hook brought down to where the mooring line and instruments were stopped off.

To recover the instruments, a sling was passed through an end link at the end of the shot
of chain at the top of the mooring. This sling went onto the crane hook, and the crane lifted the
mooring string vertically in the air until an instrument was approximately two feet above the
deck. At this point, an air tugger with a chain hook attached would pull in on the chain, about
two feet below the instrument termination. The crane wire was then lowered until the chain and
slack instrument were on the deck. The sling was removed from the end link on the slack chain,
passed through the link just below the instrument on the deck, and again hooked onto the crane.
The shackle attaching the bottom of the instrument to the mooring line was removed and the
instrument was hauled away to be logged and photographed. This procedure continued until all
eight remaining instruments were on the deck. After all instruments were cataloged and
photographed, they were removed from load bars and cleaned. The buoy hull was scraped and
washed.

b. Instrumentation and Data Return

The WHOTS-l mooring, deployed on 13 August 2004 from the R/V Ka'imikai-O-
Kanoloa (KOK), was outfitted with a full suite of ASIMET sensors on the buoy and subsurface
instruments from 10 to 155 m depth (see Appendix 1). The mooring design was nearly identical
to that of WHOTS-2 (Sec. 4a). Instrumentation was very similar to that of WHOTS-2 (Sec. 4b),
the principal difference being the use of SeaCATs rather than MicroCATs for temperature-
conductivity measurements. The WHOTS-1 recovery on 25 July 2005 resulted in 347 days on
station.

Data return from the two ASIMET systems was excellent, with only one significant
failure - the System-I compass/vane follower failed on 09 Jan 2005, resulting in only wind
speed information for the remainder of the deployment period. The remaining sensors recorded I
min data for the full 347 days (Fig. 8-10). Minor data quality issues included an offset of about 8
W/m 2 between the two LWR sensors, occasional downward spikes of -0.2 mS/m in
conductivity, presumably due to air bubbles entrained in the sensing volume, and occasional
"drop-outs" to 0.0 in the east and north winds. The consequence of the System-l compass/vane
failure is seen in Fig. 10, where east winds go to zero and the north component contains all of the
wind variability.
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Figure 8. WHOTS-I meteorological variables: Part 1. Raw data from ASIMET System 1 (black)
and System 2 (gray) averaged to 1 hour are plotted. Variables shown from top to bottom are: Air

temperature (AT, °C), sea surface temperature (SST, °C), barometric pressure (BP, mb) and
relative humidity (RH, %).
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Figure 10. WHOTS-I meteorological variables: Part 3. Raw data from ASIMET System I (gray)
and System 2 (black) averaged to 1 hr intervals are plotted. Variables shown from top to bottom

are: east wind component (WND-E, m/s), north wind component (WND-N, m/s). Directions are in
"oceanographic" convention- direction towards.

An internally logging Sea-Bird SBE-39 temperature sensor was housed in a foam collar
and mounted on the outside face of the buoy hull. Vertical rails allowed the foam to move up and
down with the waves, so that the sensor measured the SST within the upper 10-20 cm of the
water column. This "floating" SST sensor operated for the full deployment and showed
temperatures that agreed well with the ASIMET SST measured beneath the buoy hull.

An internally logging Seimac GPS unit was deployed to monitor buoy position at 10 min
intervals. Unfortunately, this sensor did not perform well. Data gaps of tens of minutes to several
hours were found, occasional "wild points" were evident, and data logging stopped completely
after only 32 days. Reasons for the failure are still being investigated.

Instrumentation provided by UH for the WHOTS-1 mooring included ten Sea-Bird SBE-
16 SeaCATs (Fig. 11), five SBE-37 MicroCATs (Fig. 12) and an RD Instruments Acoustic
Doppler Current Profiler (ADCP, Fig. 13). The SeaCATs and MicroCATs measured temperature
and conductivity; three of the MicroCATs also measured pressure. WHOI provided two Vector
Measuring Current Meters (VMCMs) and all required subsurface mooring hardware via a
subcontract with UH. Table 3 provides a listing of the WHOTS-1 MicroCATs and SeaCATs at
their nominal depths on the mooring, along with serial numbers sampling rates and other
pertinent information.
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The ADCP, SN 4891, was deployed at 125 m with beams facing upwards. The
instrument is an RDI 300 KHz Workhorse Sentinel, with an external battery pack. The
instrument was set to ping every 4 seconds for 160 seconds every 10 minutes. Bin size was set
for 4 m. The total number of ensemble records was 50,4t4. The first ensemble was at 2004/08/10
00:00:00Z, and the last was at 2005/07/26 02:1 0:OOZ.

SeaCat wI oIad Bar
SIN 1100 , 135r

Figure 11. WHOTS-I SeaCAT from 135 depth. The instrument is clamped to a load bar, which is
shackled in-line with the mooring.

MicroCat w/ Pressure

SIN 2965 155m

Figure 12. WHOTS-1 MicroCAT from 155 m depth.

Figure 13. WHOTS-1 ADCP from 125 m depth. The instrument (left) and external battery case
(right) are housed in a titanium load cage.
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Table 3. WHOTS-1 MicroCAT / SeaCAT Deployment Information.

Deployment Date: 8/13/2004 UTC, Time Logging Started: 8/8/2004 0:00:00
All times stated are in GMT

Depth Sea-Bird Param- Sample Int Navg Time Logging Time in the water
(m) Serial # eters (seconds) Started

163452-
15 0801 C, T 600 1 8/8/2004 00:00 8/13/2004 18:32

165807-
25 1085 C, T 600 1 8/8/2004 00:00 8/13/2004 18:25

165807-
35 1087 C, T 600 1 8/8/2004 00:00 8/13/2004 18:19

37SM31486-
40 3381 C, T 150 2 8/8/2004 00:00 8/13/2004 18:14

37SM31486-
45 3382 C, T 150 2 8/8/2004 00:00 8/13/2004 18:13

165807-
50 1088 C, T 600 1 8/8/2004 00:00 8/13/2004 18:09

165807-
55 1090 C, T 600 1 8/8/2004 00:00 8/13/2004 18:09

165807-
65 1092 C, T 600 1 8/8/2004 00:00 8/13/2004 20:14

165807-
75 1095 C, T 600 1 8/8/2004 00:00 8/13/2004 20:19

37SM31486-
85 2451 C, T, P 180 2 8/8/2004 00:00 8/13/2004 20:22

165807-
95 1097 C, T 600 1 8/8/2004 00:00 8/13/2004 20:27

37SM31486-
105 2769 C, T, P 180 2 8/8/2004 00:00 8/13/2004 20:32

165807-
120 1099 C, T 600 1 8/8/2004 00:00 8/13/2004 20:36

165807-
135 1100 C, T 600 1 8/8/2004 00:00 8/13/2004 20:46

37SM31486-
155 2695 C, T, P 180 2 8/8/2004 00:00 8/13/2004 20:51

Serial #s starting with 16 are Sea-Bird SeaCATs; those starting with 37 are MicroCATs

All WHOTS-l instruments were successfully recovered as shown in Table 4. All
instruments provided full data return except the shallow VMCM; the battery was depleted after
about 8 months of sampling. The data from the SeaCATs and MicroCATs appear to be of high
quality, though post-deployment calibrations are required to assess instrument stability. Figure
14 shows the time series from the shallowest SeaCAT (SN 0801, 15 in). Fig. 15 shows the time
series from the deepest MicroCAT (SN 2695, 155 m), which also recorded pressure. These
records use the nominal, pre-cruise calibrations and have not been adjusted for possible bias and
drift. One annual cycle was observed in upper ocean thermal structure; below the mixed layer,
intraseasonal variability dominates. Upper ocean salinity increased in a roughly linear trend from
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deployment through the first 2/3 of the record when a low salinity event on about a month's
duration was observed. Peak salinities were observed in late June.

The data from the upward-looking ADCP at 125 m appears to be of high quality, except
that acoustic returns from the upper 50 m of the water column are intermittent, apparently due to
very low levels of scattering material near the surface. Diurnal migration of plankton often
allowed good data returns to near the surface at night.

Table 4. WHOTS-1 MicroCAT / SeaCAT Recovery
Information
All times stated are in GMT
Depth Sea-Bird Time out of Time of Time Logging Samples Data
(m) Serial # water Spike Stopped Logged Quality

7/26/2005 7/26/2005 7/28/2005
15 163452-0801 00:44 03:11:20 00:58:00 50982 good

7/26/2005 7/26/2005 7/27/2005
25 165807-1085 00:50 03:11:20 22:50:00 50970 good

7/26/2005 7/26/2005 7/27/2005
35 165807-1087 00:58 03:11:20 23:20:00 50972 good

37SM31486- 7/26/2005 7/26/2005 7/26/2005
40 3381 01:00 01:35:58 03:00:00 202872 good

37SM31486- 7/26/2005 7/26/2005 7/26/2005
45 3382 01:05 01:35:58 03:03:00 202825 good

7/26/2005 7/26/2005 7/28/2005
50 165807-1088 01:09 03:11:20 00:27:00 50979 good

7/25/2005 7/26/2005 7/27/2005
55 165807-1090 23:28 01:34:30 18:27:00 50943 good

7/25/2005 7/26/2005 7/27/2005
65 165807-1092 23:24 01:34:30 21:22:00 50961 good

7/25/2005 7/26/2005 7/27/2005
75 165807-1095 23:21 01:34:30 22:18:00 50966 Good

37SM31486- 7/25/2005 7/26/2005 7/26/2005
85 2451 23:17 01:35:58 02:46:00 169014 Good

7/25/2005 7/26/2005 7/27/2005
95 165807-1097 23:11 01:34:30 20:16:00 50954 Good

37SM31486- 7/25/2005 7/26/2005 7/26/2005
105 2769 23:08 01:35:58 02:31:00 169010 Good

7/25/2005 7/26/2005 7/27/2005
120 165807-1099 22:59 01:34:30 23:50:00 50976 Good

7/25/2005 7/26/2005 7/27/2005
135 165807-1100 22:55 01:34:30 20:52:00 50958 Good

37SM31486- 7/25/2005 7/26/2005 7/26/2005
155 2695 22:47 01:35:58 05:12:00 169062 Good
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Figure 14. Temperature (upper panel), conductivity (middle) and salinity (lower) from WHOTS-I
SeaCAT SN 0801 deployed at 15 m.
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Microcat SN 2695 155 m

158 -
S156 A". . .

S154n

150 . .

.0 22

Z)
"a)
0•
E
a) 18

I -

E 5-

. 4.8

35.2

35-

34.8

200 250 300 350 400 450 500 550 600
Julian days (2004)

Figure 15. Pressure (upper panel), temperature, conductivity and salinity (lower panel) rrom
WHOTS-1 MicroCAT SN 2695 deployed at 155 m.
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4. WHOTS-2 Mooring Deployment

a. Mooring Design

The mooring is an inverse catenary design utilizing wire rope, chain, nylon and
polypropylene (Fig. 16). The mooring scope (ratio of total mooring length to water depth) is
about t.25. The watch circle has a radius of approximately 2.2 nm (4.2 km). The surface element
is a 2.7-meter diameter Surlyn foam buoy with a watertight electronics well and aluminum
instrument tower. The two-layer foam buoy is "sandwiched" between aluminum top and bottom
plates, and held together with eight 3/4" tie rods. The total buoy displacement is 16,000 pounds,
with reserve buoyancy of approximately 12,000 lb when deployed in a typical configuration. The
modular buoy design can be disassembled into components that will fit into a standard ISO
container for shipment. A subassembly comprising the electronics well and meteorological
instrument tower can be removed from the foam hull for ease of outfitting and testing of
instrumentation. Two ASIMET data loggers and batteries sufficient to power the loggers and
tower sensors for one year fit into the instrument well. Two complete sets of ASIMET sensor
modules are attached to the upper section of the two-part aluminum tower at a height of about 3
m above the water line. The tower also contains a radar reflector, a marine lantern, and two
independent Argos satellite transmission systems that provide continuous monitoring of buoy
position. A third Argos positioning system, mounted within an access tube in the foam hull, is
used as a backup and would be activated only if the buoy were to capsize. For WHOTS-2, a self-
contained Global Positioning System (GPS) receiver was also deployed on the buoy tower. Sea
surface temperature and salinity are measured by sensors bolted to the underside of the buoy hull
and cabled to the loggers through an access tube through the buoy foam.

Fifteen temperature-conductivity sensors, two Vector Measuring Current Meters
(VMCMs) and an Acoustic Doppler Current Meter (ADCP) were attached along the mooring
using a combination of load cages (attached in-line between chain sections) and load bars. All
instrumentation was along the upper 155 m of the mooring line (Fig. 16). Dual acoustic releases
attached to a central load-bar were placed approximately 30 m above the anchor. Above the
release were eighty 17" glass balls meant to keep the release upright and ensure separation from
the anchor after the release is fired. This flotation is sufficient for backup recovery, raising the
lower end of the mooring to the surface in the event that surface buoyancy is lost.
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b. Instrumentation

The buoy was outfitted with two independent ASIMET systems to provide redundancy.
The ASIMET system is the second-generation of the Improved Meteorological (IMET) system
described by Hosom et al. (1995). Performance of the second-generation sensors is described by
Colbo and Weller (submitted). The basic concept is a set of sensor modules that are connected to
a central data logger and addressed serially using the RS485 communication protocol. As
configured for WHOTS-2, each system included six ASIMET modules mounted to the tower top
(Fig. 17), one Sea-Bird MicroCAT mounted on the buoy bridle leg, a data logger mounted in the
buoy well, and an Argos Platform Transmit Terminal (PTT) mounted inside the logger
electronics housing. The seven-module set measures ten meteorological and oceano-graphic
variables (Table 5). Variables measured by the tower-top ASJMET modules are wind speed and
direction (WND), barometric pressure (BPR), relative humidity and air temperature (HRH),
shortwave radiation (SWR), Iongwave radiation (LWR), and precipitation (PRC). The
MicroCAT measures sea temperature and conductivity (STC). The MicroCATs were specified
with an RS485 interface option, and thus could be addressed by the ASIMET logger in the same
manner as the meteorological modules on the tower top. A wind vane on the tower top keeps the
"bow" of the buoy oriented towards the wind. A marine lantern is mounted above the vane and
flat-plate Argos PTT antennas are mounted on either side of the lower vane. Wind modules are
mounted in locations that minimize obstructions along the downwind path. Radiation sensors,
mounted at the stern of the buoy, are at the highest elevation to eliminate shadowing.

Each tower-top module records one-minute data internally to a PCMCIA "flash" memory
card at one-hour intervals. The STC module records internally at five-minute intervals. The
logger polls the modules during the first few seconds of each minute, and then goes into low-
power mode for the rest of the minute. The logger writes one-minute data to a flash memory
card once per hour, and also assembles hourly averaged data for transmission through Argos
PTTs. The Argos transmitter utilizes three PTT IDs to transmit the most recent six hours of one-
hour averaged data.

For WHOTS-2, an Iridium modem subsystem was added to the ASIMET logger as a
supplemental means of transmitting meteorological data. The Iridium controller obtained 1 min
data from the logger once per four hours, averaged each variable to one hour, and sent the
resulting hourly data as an email message to a shore-based workstation.

ASIMET sensor specifications are given in Table 5. Serial numbers of the sensors and
loggers comprising the two systems (denoted ASIMET-1 and ASIMET-2) are given in Table 6.
The sensor heights relative to the buoy deck, and relative to the water line, are given in Table 7.
The water line was determined to be approximately 0.75 m below the buoy deck by visual
inspection after launch.
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Figure 17. The WHOTS-2 tower top on the deck of the Melville with ASIMET modules labeled.
When deployed, the windward side of the buoy is to the right and the wind vanes point in the

opposite direction. The GPS module is to the right of the Iridium antenna on the far side of the
tower. The sea surface temperature and conductivity (STC) modules, located on the underside of

the buoy, are not visible in this view.

Table 5. ASIMIET sensor specifications

Short-term Long-term
Module Variable(s) Sensor Precision Accuracy IllAccuracy 121

BPR barometric pressure AIR Inc. 0.01 mb 0.3 mb 0.2 mb
HRH relative hLunidity Rotronic 0.01 %RH 3 %RH [ %RH

air temperature Rotronic 0.02 °C 0.2 °C 0. 1 °C

LWR longwave radiation Eppley PIR 0.1 W/m 2  8 W/m 2  4 W/m 2

PRC precipitation RM Young 0.1 nun [3] [3]
STC sea temperature SeaBird 0. 1 m0C 0. 1 0C 0.04 °C

sea conductivity SeaBird 0.01 mS/m 10 mS/m 5 mS/m

SWR shortwave radiation Eppley PSP 0. 1 W/m 2  20 W/m 2  5 W/m 2

WND wind speed RM Young 0.002 rn/s 2% 1%

wind direction RM Young 0.10 60 50

[I] Expected accuracy for I rmin values.
[2] Execcted accuracy for annual mean values after post calibration.
[3] Field accuracy is not well established due to the effects of wind speed on catchment

efficiency. Serra et al. (2001) estimate sensor noise at about I mm/hr for I ain data.

Accuracy estimates are from Colbo and Weller (submitted) except conductivity, which is
from Plueddernann (unpublished results).
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Table 6. WHOTS-2 ASIMET system serial numbers and sampling

Serial Firmware Sample

System Module Type No. Version [1] Rate [2]

ASIMET-1 BPR ASIMET 219 VOS53 3.3 1 mm
HRH ASIMET 220 VOS53 3.2 t mii

LWR ASIMET 212 VOS53 3.5 1 min

PRC ASIMET 503 VOS53 3.4 1 mm

STC SBE-37 1836 SBE 2.2 5 mm

SWR ASIMET 221 VOS53 3.3 1 mm

WND ASIMET 205 VOS53 3.5 1 mill

Logger C530/NTAS L21 LGR53 3.1* 1 min
* with Iridium

PTT WildCAT 18231 ID#1 14663 90 sec

ID#2 14677 90 sec
ID#3 14697 90 sec

ASIMET-2 BPR ASIMET 212 VOS53 3.3 1 min
HRH ASIMET 219 VOS53 3.2 1 min
LWR ASIMET 505 VOS53 3.5 1 min

PRC ASIMET 212 VOS53 3.4 1 min

STC SBE-37 3604 SBE 2.2 5 miii
SWR ASIMET 503 VOS53 3.3 1 min

WND ASIMET 207 VOS53 3.5 1 rmin

Logger C530/NTAS L19 LGR53 2.7 1 min

PTT WildCAT 14637 ID#I 07563 90 sec

ID#2 07581 90sec

ID#3 07582 90 sec

[I] For PITs, Argos PIT ID is given rather than firmware revision.

[2] A]l modules sample internally. The logger samples all modules.
For PT~s, "sample rate" is the transmission interval.

Table 7. WIOTS-2 ASIMET module heights and separations

Relative Ill Absolute 121 Horizontal Measurement

Module Height (cm) Height (cm) Sep. (cm) Location
SWR 282 357 23 top of case

LWR 280 355 23 top of case
WND 268 343 120 middle of vane

PRC 234 309 116 top of cylinder

BPR 245 320 178 center of plate

HRH 248 323 45 center of shield

STC -151 -76 9 center of shield

[1] Relative to buoy deck, positive upwards

[2] Relative to buoy water line, positive upwards
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UH provided twelve MicroCATs for the WHOTS-2 mooring deployment. Three of the
MicroCATs deployed on WHOTS-[ were turned around at sea and redeployed. This involved
cleaning the instruments, downloading data, verifying data quality, calibrating against the CTD,
and installing new batteries and anti-fouling. Table 8 gives summary information for the
MicroCATs deployed on WHOTS-2. The ADCP was also turned around and redeployed. This
involved cleaning the instrument, downloading data, verifying data quality, changing batteries,
reprogramming and attaching new zincs. WHOI provided two refurbished VMCMs for WHOTS-
2.

Table 8: WHOTS-2 MicroCAT Deployment Information
All times stated are in GMT

Deployment Date: 7/27/2005
Time

Depth Sea-Bird Param- Sample Int Time Fresh Water Time in the
(m) Serial # eters (seconds) Navg Logging Spike Time waterStarted

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
15 3382 C, T 150 2 6:00 07:03:30 18:31

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
25 3621 C, T 150 2 6:00 07:03:30 18:27

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
35 3620 C, T 150 2 6:00 07:03:30 18:20

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
40 3632 C, T 150 2 6:00 07:03:30 18:18

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
45 2965 C, T, P 180 1 6:00 07:03:30 18:16

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
50 3633 C, T 150 2 6:00 07:03:30 18:13

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
55 3619 C, T 150 2 6:00 07:03:30 19:13

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
65 3791 C, T 150 2 6:00 07:03:30 19:17

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
75 3618 C, T 150 2 6:00 07:03:30 19:21

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
85 3670 C, T, P 180 1 6:00 07:03:30 19:24

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
95 3617 C, T 150 2 6:00 07:03:30 19:26

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
105 3669 C, T, P 180 1 6:00 07:03:30 19:29

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
120 2451 C, T, P 180 1 6:00 07:03:30 19:34

37SM31486- 7/27/2005 06:31:00 - 7/28/2005
135 3634 C, T 150 2 6:00 07:03:30 19:42

7/27/2005 06:31:00 - 7/28/2005
155 3668 C, T, P 180 1 6:00 07:03:30 19:46
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c. Deployment Operations

The nominal WHOTS deployment site is at 22°46'N, 157°54'W, about 6.5 nm E-NE of
the HOT central site at 22°45'N, 158°00'W and about 12 nm due E of the MOSEAN mooring
site (Fig. 3). Bathymetry database information indicated that the region surrounding the mooring
site was relatively flat, which was confirmed during a SeaBeam and echosounder survey prior to
the WHOTS-2 mooring deployment. The SeaBeam system included a transducer depth
correction and incorporated XBT profiles to compute the local soundspeed profile. The corrected
SeaBeam depths were found to be about 6 m greater than the 12 kHz Knudsen echo sounder,
which did not include a transducer depth correction. The nominal mooring design was for a
depth of 4700 m ___100 m. The survey indicated that depths within about 1 nm of the anchor site
were 4700 _ 20 m, so no adjustment to the mooring design was necessary.

Winds from the Melville IMET system and currents from the shipboard ADCP were
noted during the approach to the site. Winds were relatively steady at 15 kt from the E-NE, and
currents were 10-15 cm/s to the N. [t appeared that the best approach for the WHOTS-2 mooring
deployment would be from the NW. However, estimation of set and drift by the bridge showed
little influence from the surface currents, indicating that a direct upwind approach would be best.
It was decided to steam to a starting point approximately 7 nm nearly due W of the drop site
(approach course 800). The target drop position was 22°46.00'N, 157°54.00'W.

The Melville began the approach at about 0800 h (local) on 27 July at a distance of 7.1
nm from the drop site (Fig. 18). The upper 40 m of the mooring (chain and instruments) were
deployed between 0810 and 0835 h. The buoy was deployed about 15 min later, with the ship
hove to. The remainder of the mooring was payed out as the ship made way at about 1.5 kt over
the ground. The speed through the water, as estimated by the bridge, was consistently less than
the speed over the ground, indicating a following current. At 1415 h local the mooring was
completely in the water except for the anchor, and was under tow with the ship about 1.3 nm
away from the drop site. The anchor was dropped at 1543 h local on 27 July (28 July 0143 UTC)
at 22°46.030'N, 157°53.766'W in water of depth 4695 m. Following the anchor drop, the ship
continued to steam along the approach course until it was determined that the anchor had settled
to the bottom. At 1620 h the ship headed to the first acoustic survey station.

The acoustic ranging survey was done to determine the exact anchor position and allow
estimation of the anchor fall-back from the drop site. Three positions about 2.5 nm away from
the drop site were occupied in a triangular pattern (Fig. 18). The WHOI over-the-side transducer
and deck box were used to obtain slant range (or travel time) to the release. The acoustic survey
began at 1645 h local and took about 2 hours to complete. Triangulation from the three sites
using Art Newhall's acoustic survey program gave an anchor position of 22'45.999'N,
157°53.905'W (Fig. 19). The estimated fall-back from the drop site was about 250 m, or 5% of
the water depth.
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